We develop two schemes for tuning the scattering length on the ground triplet state of Cs 2 . First, an absolute value of the triplet scattering length of 133 Cs 2 is determined using the experimental data (Fioretti et al, Eur.Phys.J.
A positive scattering length is a crucial ingredient in obtaining Bose-Einstein condensation from a gas of ultra-cold atoms. This parameter controls the long range repulsion between the atoms and therefore the stability of the process. Manipulating the scattering length will allow to add new candidates to the small list of atomic systems which form a condensate. Schemes to control the scattering length have been suggested based on manipulating the inter-atomic interactions by external fields. They include the use of a magnetic field to induce a Feshbach resonance [1] [2] [3] [4] [5] [6] [7] , a use of radio-frequency [8] and dc electric fields [9] and off resonant strong electromagnetic field [10] [11] [12] . In the present study we propose two schemes for modifying the scattering length on the ground triplet state of Cs 2 using electromagnetic field. First, we calculate the scattering length a sc of triplet 133 Cs 2 and discuss the sensitivity of a sc to the C 6 coefficient and to the uncertainty of the experimental data. Then, we develop two modification schemes to tune the scattering length to small positive value using continuous wave laser field of experimentally feasible characteristics. In addition, we found that the scattering length of 135 Cs is positive and thus this isotope is a suitable candidate for Bose-Einstein condensation of cesium.
The best known potential for the ground triplet state of Cs 2 3 Σ + u (6S + 6S), is a combination of quantum chemistry calculations by Foucrault et al [13] fitted at the distance ≈ 20
Bohr to the asymptotic behavior C 6 /R 6 . In the present calculation we used two different values of the coefficient C 6 calculated by Marinescu and Dalgarno [14] and by Derevianko et al [15] . This potential has 55 ± 2 bound vibrational levels. The uncertainty of the number is due to the uncertainty of the potential curves at small distances. Other potentials used for triplet Cs 2 [16] lead to a different number of bound vibrational levels, 58 ± 2. We checked the influence of the higher order dispersion terms of the long range potential on the results of the calculations. Since no significant differences have been found, we kept only the term C 6 /R 6 as a representant of the asymptotic behavior. Using this potential all the bound state wave functions and the threshold scattering wave functions were calculated using the Mapped Fourier Grid Method [17] [18] [19] . This approach enable us to obtain an exact and fully-quantum time-independent solution of the Schrödinger equation without applying any approximation. This represent an original and direct approach to the determination of the scattering length. A grid of 557 points covering 20000 Bohr was used. Due to the exponential uniform convergence of the method we were able to converge the error in phase of the wave functions to an accuracy of ∼ 10 −6 . At the far end of the grid we used either fixed or absorbing boundary conditions. We found that as expected the threshold continuum wave functions are not affected by the choice of boundary conditions. The accuracy of the calculation is determined by the short-range part of the potential where the inaccuracy of the depth of the well is estimated to be about 40 cm −1 [13] . This inaccuracy leads to an asymptotic accumulated phase of more than ±2π thus the scattering length cannot be determined from ab initio calculations.
A binary scattering event is completely determined by the inter-atomic potential and the boundary conditions. Since the scattering length is determined by the conditions of vanishing asymptotic kinetic energy it is solea determined by the potential. For heavy colliders such as Cs 2 the scattering length is an extremely sensitive function of the potential. Its value is related to the accumulated phase φ of the wave function from the inner turning point at zero energy to the infinity. The phase φ for the zero energy is estimated semiclassically as These facts pose a computation challenge for ab-initio determination of the scattering length but they also offer an opportunity for experimental manipulation.
To overcome this problem an independent method of determining the phase of the wave function has to be found. The photoassociation spectrum from the triplet to the 0 − g (6S + 6P 3/2 ) state obtained by Fioretti et al [20, 21] is used to obtain the phase and to adjust the ground state potential. The spectrum shows oscillating behavior which reflects the variation of the Franck-Condon factors of the transition between the 3 Σ + u (6S + 6S) and rovibrational levels of the 0 − g (6S + 6P 3/2 ) state. The oscillations in the spectrum reflect the nodal structure of the continuum wave functions in the energy range of (200 µK) [21] .
Using the Mapped Fourier Grid Method [17] [18] [19] In both cases, we obtained very good agreement with the experimental nodal structure as illustrated in figure 1 . With this adjustment the number of bond levels is either 54 or 55.
In order to see the sensitivity to the inaccuracy of the C 6 coefficient we used two different values of C 6 calculated by Marinescu and Dalgarno [14] (C 6 = −6331 a.u.) and by Derevianko et al [15] (C 6 = −6899 a.u.). As a result the inner part of the fitted potential is slightly different. The figure 1 shows the fits for C 6 = −6899 a.u.
Using the adjusted potential which fits the experiment the scattering length is recalculated ( Fig. 2) . We obtained the value a sc = −350 Bohr for C 6 = −6331 and a sc = −950
Bohr for C 6 = −6899. We verified also the sensitivity of determination of a sc to the different number of bound levels. With this goal we calculated a sc for the potentials giving 54 and 55 bound levels (dotted and dashed lines on the inset of Fig. 1 correspondingly) . We found that once the two potentials are fitted to the same nodal positions, the difference in a sc for the two potentials is smaller at least by a factor 10 than the difference due to the uncertainty of determined the critical C 6 coefficient for which the scattering length becomes infinite. We found that for C 6 = −7000 it is still negative, but C 6 = −7050 is the transition value. For The determined absolute value of the scattering length is so large that small variations of the potential can lead to the change of the sign of a sc . For example, a low-intensity laser field coupling the ground molecular state with one of excited states at large distances can modify the scattering length. This possibility was discussed by Kagan et al [12] . This sensitivity of the sign of a sc to small perturbations has a crucial importance for the character of behavior at ultra cold temperatures. Below we discuss how a sc can be made small and positive.
The sensitivity of the asymptotic phase to the inner part of the potential is the key to modifying the scattering length. The first scheme employs a CW laser field to couple the inner part of the 3 Σ + u (6S + 6S) potential to the 3 Π g (6S + 6P ) electronic state. The bound and continuum levels are recalculated on the coupled two surface potentials. The rotating wave approximation was used to describe the coupling. The 3 Π g (6S + 6P ) potential is taken from [27] .
In order to change the scattering length sufficiently, the adiabatic transition probability,
), for levels with energy close to the 6S + 6S threshold, should be nonnegligible. For relatively small laser intensity this condition is fulfilled only if the potentials 3 Σ + u (6S + 6S) and 3 Π g (6S + 6P ) cross at an energy close to the 6S + 6S dissociation limit.
The insert in figure 3 shows the total two-channel potential in the adiabatic representation.
The 3 Π g (6S + 6P ) potential is shifted down by the energy, E f =hω, determined by the frequency, ω, of the field. When the intensity, I, of the laser field is low, the region of a pseudo-crossing is very narrow. Figure 3 shows two wave functions obtained for the two different intensities for the potentials shown at the inset. We found that with increasing field intensity the value of the scattering length gradually moves from negative to positive.
A change of sign is obtained for the intensity of 300 kW/cm 2 .
The second scheme, is based on a resonant coupling of the continuum wave functions of It is also advantageous to tune the light to one of lowest vibrational levels of the whole 6S + 6P manifold which have allowed dipole transition. In this way one can eliminate the coupling with other vibrational levels of other molecular potentials. This choice of a vibrational level for the Feshbach resonance ensures that a two-photon excitation process to the (6P + 6P ) manifold is avoided. The coupling is also chosen to occur in the short-range region where only a very small fraction of the density resides. This will further reduced loss processes.
The proposed scattering length manipulation techniques employs light induced a coupling of the short-range part of molecular electronic potential. Therefore, we have to consider the variation of the dipole moment due to the molecular orientation with respect to the axis of the field vector. We suggest to solve this problem by using three perpendicular laser beams with perpendicular polarizations for irradiation of the cold cesium sample, which prevents any interference effect. In this setup, we can assume the maximal variation of the dipole moment projection on the field by ≈ 15%. We studied the robustness of the positivity of the scattering length by computing its value for both proposed schemes using field intensity varying by several orders of magnitude. We found that both schemes are sufficiently robust to keep the inter-atomic interaction repulsive and, hence, to allow the Bohr published by [16] . Therefore, the 135 Cs isotope is a good candidate for Bose-Einstein condensation. For the 137 Cs, we found almost zero scattering length suggesting that this radioactive isotope can behave like a non-interacting Bose gas.
In both cases, we tested the value of the scattering length with respect to the number of bound levels of the original fitted potential used. We found no significant difference; specifically, ≈ 7 Bohr for 135 Cs (55 and 56 bound levels) and ≈ 15 Bohr for the 137 Cs isotope (56 and 57 bound levels).
The spontaneous emission broadening of the Feshbach resonance discussed by [10, 11] The manipulation of the scattering properties can be checked in other applications. For example photoassociation spectroscopy [28] can be carried out using cold alkali atoms with modified scattering properties. The correspondence between the scattering length and the nodal structure of the Franck-Condon factors suggests a direct experimental test of the proposed schemes employing a CW field with intensities obtainable by a diode laser radiation source. The technique can be used to modify existing experiments done with Rb [29] or Cs [20, 21] .
The change of the scattering length from negative to positive results in decreasing the population density at short inter-nuclear distance by several orders of magnitude. This will decrease the probability for cold molecule formation mediated by three body collisions [30] .
As a result the reduction in the Franck-Condon overlap and transition dipole matrix elements will decrease the spontaneous decay loss in the cold molecule formation via photoassociation [20, 29, 31, 32] .
Recently, Söding et al [33] measured very high inelastic collision rates of the spin flip of ground state cesium atoms which results from the negative scattering length. The attractive interaction enhances the ground state population in the inner part of the potential ruling out the Bose-Einstein condensation. Our calculations show that the positive scattering length due to the proposed manipulation schemes will reduce the short range population at least by a factor of 30. This decreases the spin flip scattering rate almost by three orders of magnitude removing another obstacle to the the Bose-Einstein condensation in cesium.
In conclusion, the present calculation reproduces the oscillations in the 0 
